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THE OCULAR PATHOLOGY OF METHYL ALCOHOL
POISONING*

WALTER H. FINK, M.D.
Minneapolis, Minn.

INTRODUCTION
Methyl alcohol poisoning in relation to the eye is of interest

not only because it is clinically important, but also because
the resulting pathologic processes in the eye are not fully
understood.
Any one who studies the literature on the subject is im-

pressed with the lack of uniformity of opinion as to the effects
of methyl alcohol upon the ocular structures, and opinions
concerning the toxicologic process are also at variance. Most
of these are based upon conclusions drawn from clinical ob-
servation, autopsy reports, and the results of experimental
work in animals.

* Condensed version made by the author from the candidate's thesis for
membership accepted by the Committee on Theses.
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The literature is practically devoid of reports of studies
made upon pathologic specimens from the human eye. In
most instances these reports were incomplete and the mate-
rial was not fixed immediately, thus allowing postmortem
degenerations to ensue. It is well known that the retina, even
though it is refrigerated, will disintegrate at once, giving rise
to an appearance that may be interpreted as a pathologic
change resulting from the use of methyl alcohol. Another
criticism of the early postmortem findings is that the fixing
and staining process used was not adequate to reveal minute
changes accurately. It seems, therefore, that whatever evi-
dence we have as the result of human autopsy should be held
in question.

Considering the ocular findings as the result of animal ex-
perimentations, doubt again arises. The fact impresses us
that many of the conclusions reached concerning the effect
of methyl alcohol on the human being are based upon the
results of experimental work on animals by H. Holden'2 in
1890 and Birch-Hirschfeld' in 1900. We must be skeptical
of such conclusions because Holden's work cannot be re-
garded as scientifically accurate. Likewise, Birch-Hirschfeld's
work in 1900 should not be considered too seriously since he
must have had some grave doubts as to its accuracy, for
he repeated it in 1920.2 Doubt as to the accuracy of the
positive findings in Holden's and Birch-Hirschfeld's animal
experiments is also strengthened by the critical work of
de Schweinitz,4 who was unable to produce results similar to
theirs. Jonas Friedenwald5 likewise obtained negative re-
sults and, like de Schweinitz, concluded that the results of
the earlier work were probably erroneous. That this is pos-
sible is evident when we consider how rapidly postmortem
changes in the retina occur. We must also consider artifact
and defective staining technique. It is quite possible that
the negative findings of de Schweinitz and Friedenwald are
correct, and that animal experimentation is of no value in
solving the problem. We are aware of the fact that animal
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tissues do not always exhibit the toxic effects of drugs as do
the tissues of the human.
The pathologic effect of methyl alcohol on the human is

wide-spread and not confined to a specific action on the ret-
ina, as some authors would have us believe. It should, there-
fore, be considered not only as regards its effect upon the
eye, but also as it affects the whole body.

Because of the uncertainty concerning these questions,
further study of the subject is indicated. The following in-
vestigation was undertaken to obtain more concrete infor-
mation and thus establish a more definite conception of the
ocular pathology which is present in these cases.

TOXICITY OF METHYL ALCOHOL
The causes that give rise to the peculiarities of methyl al-

cohol poisoning have not been satisfactorily explained. There
is a paucity of facts regarding the actual behavior of methyl
alcohol in the animal organism, so that the underlying causes
of its extreme toxicity are not clearly understood. There are,
however, certain facts determined by animal experimentation
and clinical observation which aid us materially in arriving
at conclusions.
As a basis for formulating an opinion as to the toxicologic

processes there are the following facts:
The lethal action of methyl alcohol may be effected through

three different avenues of entrance into the system: inges-
tion, inhalation, and cutaneous absorption.
The presence of various impurities in the alcohol does not

influence the toxic action, and it is generally believed that
the effect is due to a property inherent in the methyl alcohol
itself.
Methyl alcohol is a poison in which idiosyncrasy plays an

important part-some persons are seriously affected by doses
that would not harm others. In those in whom small doses
cause serious toxic effects, there is an idiosyncrasy against
this agent.
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There is no evidence to show that a tolerance to methyl
alcohol can be developed.
Man appears to be relatively more susceptible to a poison

like methyl alcohol than is the dog or the rabbit, because it
seems that poisons which affect the highly differentiated
nerve structures very powerfully are more dangerous in pro-
portion to the development of the nervous system.
The fate of methyl alcohol in the human body is not defi-

nitely known. There is evidence to suggest that it is not the
methyl alcohol itself that is responsible for these poisonous
effects, but some of the chemical by-products of incomplete
oxidation. It appears that formaldehyde and formic acid are
the chief toxic agents, although others may be present. The
toxic effect is believed to be due to these poisonous combina-
tions circulating in the blood and coming in direct contact
with the tissues.

It has been demonstrated that the difference in the char-
acter of intoxication between ethyl and methyl alcohol is due
to the metabolism of these substances following their admin-
istration. Whereas ethyl alcohol is oxidized into easily ex-
creted products-carbon dioxide and water-methyl alcohol
is only partially oxidized, and the products of this incomplete
oxidation are formaldehyde and formic acid. Some investi-
gators explain this difference in the metabolism of the two
alcohols by the difference in their rate of oxidation. Methyl
alcohol in slow oxidation generates formic acid, whereas in
rapid oxidation it forms carbon dioxide and water; hence,
when it oxidizes rapidly it is comparatively harmless, whereas
in slow oxidation, which usually occurs in certain persons, it
is exceedingly toxic. The variation in effect on individuals
may, therefore, be explained partly by the rate of oxidation
which takes place in the individual.

If this transformation of methyl alcohol into formaldehyde
and formic acid takes place, we have an example of a poison-
ous compound forming two intermediate compounds which
are much more toxic than the original compound was. It has
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been estimated that formaldehyde is about 30 times, and
formic acid six times, more toxic than methyl alcohol.

In considering formaldehyde as the intermediate product
of oxidation, we must concede that, from a chemical stand-
point, its formation is possible, but on viewing our experi-
mental evidence we find very little to substantiate this claim.
Most of the evidence is against its .presence in the tissues, and
the only positive evidence was found by Pohl,20 who failed
to find support for the view that any "considerable quanti-
ties" of formaldehyde are formed, but "it may be that for-
maldehyde is formed and that it is quickly converted into
formic icid."
We must, therefore, conclude that if formaldehyde is pres-

ent, it is present for but a short time, but sufficiently long
to produce a toxic action. b
We unquestionably have definite evidence that formic acid

is present in the body. We know that it is excreted in the
urine, but when it is formed, and how much is formed, are
unknown. It is apparently the final oxidation product in
many cases, although some individuals may have the power
to decompose the methyl alcohol further into carbon dioxide
and water. That formic acid is not present in the tissues
to any great degree is evident if we depend upon the tissue
analysis as a criterion. Pohl considered it probable that all
the methyl alcohol administered is converted into formic acid
and that part of the latter is then oxidized to carbon dioxide.
As he did not find it in the tissues in any amount, Pohl con-
cluded that either methyl alcohol itself or some one of its
derivatives is retained in the body and is then slowly con-
verted into formic acid. Bongers,3 on the other hand, asserts
that after the administration of methyl alcohol considerable
quantities of it are excreted in the urine. It would seem from
this that not all the methyl alcohol is converted into formic
acid.

Various tests made upon the distillates from tissues appear
to have established the fact that methyl alcohol, and not
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formaldehyde or formic acid, is the principal recoverable
toxic substance. It is only very rarely that even traces of
formaldehyde and formic acid have been detected. It seems
evident, therefore, that methyl alcohol itself is retained in the
body for some time, and is apparently excreted unaltered or
as formic acid, which evidently is slowly formed.

It seems that in many instances the human body has great
difficulty in oxidizing methyl alcohol. It has been stated that
but 3 per cent. of the body metabolism can be attributed to
the methyl alcohol, which seems to be conclusive evidence
of the inability of the body to cope with it.

It is believed by some observers that we are dealing with a
more profound disturbance of the metabolism than is indi-
cated by the simple failure of the body properly to oxidize
methyl alcohol. Observaiions support the view that acidosis
plays an etiologic r6le in the production of the symptoms
following methyl alcohol poisoning. As in a number of other
pathologic conditions in which there is a reduction of the
reserve alkali of the blood, the exact significance of this re-
duction is not clearly understood. There is strong evidence
suggesting that the disturbance of the acid-base balance may,
in itself, cause definite anatomic changes. It must be con-
ceded that acidosis might be an important factor in producing
the poisonous action of methyl alcohol. Harrop and Bene-
dict9 were the first to treat a patient on this assumption. In
the case reported by these authors there was a definite reduc-
tion in the reserve alkali and also the characteristic air hunger.
A highly significant feature of this phase of the problem is

the slow elimination of the methyl alcohol or its conversion
products from the organism, leading to a subtle danger in the
form of accumulated toxic products. Investigators have indi-
cated that the probable explanation of the poisonous char-
acter of methyl alcohol is not only the failure of combustion,
but also the delay in elimination. According to Henderson
and Haggard,10 more than a week is required in eliminating
the methyl alcohol acquired by a single large absorption. If
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the exposure is repeated before the elimination is completed,
a cumulative effect results; the amount absorbed at each ex-
posure is added to that which remains uneliminated. A toxic
concentration is thus gradually built up in the blood as a
result of repeated exposure to concentrations that do not
cause an appreciable effect on a single exposure. Placet" has
shown that the complete elimination of wood alcohol re-
quires five times as long as ethyl alcohol.

It appears evident, therefore, that the toxicity of methyl
alcohol may to some degree be attributed to the fact that it
remains for a long period in the animal organism, where it
has time to produce varied and grave changes of a chemical
and chemicophysical nature.
Most evidence points to the fact that the methyl alcohol is

distributed very rapidly to all tissues and fluids of the body.
There is practically no lag in the methanol-water concentra-
tion of the blood behind that found in any tissue at a par-
ticular instant, regardless of whether the animal was accumu-
lating methanol, was in a steady state, or was eliminating
methanol following exposure. Consequently, all kinds of
tissue or body cells are exposed to practically the same
methanol-water concentration, there being no selective ac-
cumulation, retention, or predilection. The results also show
that the amount of methyl alcohol in the body or in a par-
ticular tissue can be estimated from a determination of the
methyl alcohol in any tissue or fluid.

It seems, therefore, that, once consumed or inhaled,
methyl alcohol quickly disperses to all tissuVes of the body,
having no selective affinity, but apparently injuring, by di-
rect action, the more highly specialized tissues of the retina,
brain, kidneys, and liver, and to a lesser extent the other
tissues. Experimental data confirm this fact as regards the
eye, because it has been demonstrated that the substances
produced in the body by poisoning with methyl alcohol
readily penetrate the eye.
On the other hand, there is some evidence to prove that
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methyl alcohol has a marked selective affinity for the most
highly differentiated nerve elements of man. According to
this evidence, the various organs do not show identical find-
ings in the fixation of methyl alcohol; the brain and other
nerve tissue exhibit a decided selectivity for this substance,
and contain the largest quantities. Liver, kidney, and
muscles then show decreasing proportions of methyl alcohol.
The specific affinity is in accord with what might be expected
from its lipoid make-up. This is explained by the fact that
the alcohols, like ether, chloroform, and other volatile nar-
cotics, are quite soluble in lipoids such as those characterizing
the nervous system. With equal concentration of ethyl and
methyl alcohol, methyl alcohol has the greater effect of modi-
fying the lipoid content of organs. It should also be noted in
this connection that there is a considerable increase in the
fatty acid and cholesterol content of the blood serum result-
ing from acute experimental poisoning with methyl alcohol.

Furthermore, experimental evidence indicates that there
is a greater absorption of methyl than of ethyl alcohol in the
retina.

It is of importance to trace the ultimate fate of methyl
alcohol in the body. Whereas ethyl alcohol is eliminated
from the body chiefly through the lungs, and, to a far greater
extent, oxidation in the tissues, methyl alcohol is also elimi-
nated through the lungs, but only to a small extent is it oxi-
dized in the tissues. It is stated that only about 10 per cent.
of the total amount of ethyl alcohol which disappears from
the body is eliminated in the expired air. For methyl alcohol,
on the contrary, more than 70 per cent. of the amount dis-
appearing from the body appears in the expired air.

Voltz and Dietrich28 found that, after administration of 2 c.c. of
methyl alcohol per kilogram of the body weight of a dog, 24.3
per cent. was excreted in forty-eight hours, of which 21.5 per cent.
was in the expired air and 2.18 per cent. in the urine. As 36.7
per cent. was found in the body, it follows that only 39 per cent.
was oxidized in the body. If the caloric value of the methyl alcohol
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oxidized is calculated, it will be found that this represents only
about 3 per cent. of the total metabolism of the body. These
results are in marked contrast to those obtained in ethyl alcohol
under analogous conditions. It seems evident, therefore, that
the bulk of poison is eliminated through the lungs, skin, and
kidneys.

Comment.-It is difficult to draw conclusions from the data
available. We must keep in mind that most of the positive
evidence is the result of animal experimentation, and that it
may not hold good for man. It is to be regretted that so little
effort has been made to obtain toxicologic data from the
bodies of persons dying of methyl-alcohol poisoming. In a
few instances the tissues were analyzed for methyl alcohol
only, but other studies have not been conclusive. Consider-
ing the number of fatalities from this cause, this does not
speak well for the thoroughness of our scientific work. It is
evident, therefore, that we are largely obliged to draw con-
clusions from suppositions that are based mainly on theory
and animal experimentation. w

It seems evident that methyl alcohol cannot be oxidized
readily by some individuals and that it acts as a poison. It is
likely that the toxic substances remain in the system as such,
and are distributed to all the tissues. Because of the pro-
longed contact with the tissues, these substances cause patho-
logic changes, but more so in the highly specialized tissues,
such as the central nervous system, the kidney, liver, etc.
It is possible that the more highly developed tissues of the
central nervous system are affected most because of their
chemical structure and the resulting disturbance in their
nutrition.

It does not seem logical, with the evidence at hand, to
conclude that one specific substance causes the change.
Instead, it would appear to be several factors. A profound
change in the chemistry of the body, caused by a lack of
chemical balance, such as is seen in acidosis, could be a
factor. In addition to this, there could be a direct chemical
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action of methyl alcohol itself, or combined with the products
of oxidation.
The degree of these reactions naturally would vary with

the individual tolerance or with the ability to cope with the
drug.

It is significant that most of these cases do not experience
an immediate toxic effect. It seems logical that if methyl
alcohol were the only toxic agent, the profound toxic effect
would be evident immediately upon taking the alcohol, be-
cause we know that it is absorbed and circulates in the blood,
coming in contact with sensitive tissues almost at once.
Instead, in most cases toxic symptoms do not appear until
many hours later. This would point to the fact that the
pathologic changes occur after some drastic chemical up-
heaval has taken place in the chemistry of the body, such as
is seen in acidosis or as the result of oxidation.

Just what action is responsible for the pathologic change
it is difficult to determine. We know positively that methyl
alcohol is found in the tissues, but there is no definite evi-
dence to prove the presence of formaldehyde or of formic
acid in the tissues. We do know that formic acid is formed
in the body, because it is excreted by the kidneys. The fact
that it is excreted for so long a period suggests that the trans-
formation into formic acid is a very gradual process. It may
be immaterial as to the exact length of time the formic acid
remains in the body, because a chemical of this degree of
toxicity needs but a moment to produce pathologic changes.

In addition tomethyl alcohol, its by-products are also toxic
elements which, either alone or in combination with the al-
cohol, cause a profound alteration in the chemistry of the
body cells. This change in the body chemistry could produce
an acidosis which, in combination with the other factors.
would cause pathologic manifestations in all tissues, espe-
cially in the tissues of lipoidal structure, such as the retina
and brain. We know that these highly specialized tissues are
always more sensitive and will show degenerative changes

448



FINK: Methyl Alcohol Poisoning

even in a temporary upset which interferes with the normal
metabolism of its cells.
From the data available it may be stated that some chem-

ical combinations are not tolerated by the body so readily as
are others. Perhaps one of those less tolerated by a large
percentage of persons is methyl alcohol. Although some
individuals have the metabolic ability to cope with this drug,
most do not, and when methyl alcohol is taken into the body
the abnormal metabolic processes that do occur produce
chemical compounds that tend to act as poisons and alter the
normal chemical balance which is so necessary for our well-
being. It is generally known, and has been confirmed by the
author's experiments on animals, that one of the oxidation
products, namely, formic acid, can cause changes similar to
those produced by methyl alcohol alone. It would not be
correct to infer, because of the presence of formic acid in the
body during the toxic process, that it alone is the important
factor. It would be more correct to state that formic acid is
one factor, and that it very likely acts in conjunction with
methyl alcohol and other oxidation products to produce the
pathologic changes. There is no conclusive proof that methyl
alcohol alone is responsible for the poisonous effects, and
until further evidence is available, the foregoing statement
may stand as a possible deduction.

SUBJECTIVE OCULAR SYMPTOMS
VISUAL AcuTY DATA.-The visual acuity changes found

in methyl-alcohol poisoning are fairly distinctive.
In the acute cases, the changes are sufficiently constant to

be of diagnostic value. The characteristic visual change is,
first of all, a sudden lessening of vision which may be of
marked degree. This is followed in a few weeks by a slow
improvement, but later by a gradual loss of vision which may
progress to total blindness.
Comment.-It may be assumed that the initial loss of vision

may be caused by the action of the chemical on the ganglion
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cells, the nerve-fibers, or on both. Its sudden onset, followed
in a few weeks by a return of vision, suggests that at first
there is an edema of the tissues. The tissue cells are not
necessarily all involved. Microscopic study shows that the
cells may be destroyed in patches, with some fairly normal
cells between the destroyed areas. It is conceivable that the
edema which undoubtedly results will temporarily inhibit the
action of these undestroyed nerve cells, causing a temporary
total or almost total loss of vision. The edema may be local-
ized in the nerve, the retina, or in both, but, judging from the
ophthalmoscopic pictures, it occurs most frequently in the
region of the papilla. When the ophthalmoscope does not
disclose changes indicating the presence of edema, it may be
that the edema is retrobulbar. It is also possible for retinal
and choroidal edema to be present and not be visible with the
ophthalmoscope.

After a few weeks the edema subsides, the ganglion cells
which were not previously destroyed resume their function,
and vision returns to a degree. Because of the disturbed
nutrition resulting from the toxic effect on the cell and the
edema during the acute process, many of these partially
affected cells may die, thus accounting for the gradual second
reduction in vision. The final visual acuity depends upon the
number of cells that survive. In the last stage, only a few
cells may remain sufficiently normal to function and the vi-
sion may practically be gone. In other cases where there is
but a slight permanent loss of vision, only a few cells are
destroyed.

In order to appreciate the statements just made a micro-
scopic slide should be studied. In the retina we can see a
total destruction of ganglion cells and, adjacent to these, cells
may be seen ranging from normal to complete destruction.
The edema is also definitely present, and must inhibit the
metabolism of the still undestroyed cells.

In the chronic cases the gradual loss of vision follows the
same process to a lesser degree. There is no sudden death of
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the ganglion cells and very little edema is present, but, in-
stead, there is a gradual loss of vitality due to the altered
metabolism of these highly sensitized cells.
PERIMETRY DATA.-The perimetry findings are not char-

acteristic. Scotomas are the most frequent finding, and may
be single or multiple. A central scotoma is the one most
constantly seen. There is often a peripheral contraction of
the field, which varies greatly in degree and position.
Comment.-From what has been stated, it is evident that

the toxic effect of methyl alcohol is diffuse and variable. The
constant occurrence of scotomas suggests that the effect
varies in intensity, some areas being profoundly affected. The
frequency of the central scotoma would suggest that the
papillomacular bundle is an important point of involvement.

Because the ophthalmoscopic picture so frequently indi-
cates a retrobulbar involvement or an involvement of the
optic disc with little or no visible change in the retina, it
would seem logical to conclude that the scotomas are the
result of edema of the optic nerve. We cannot be certain,
however, that these scotomas are not the result of localized
involvement of the retina also. The variability of the perim-
etry findings over a period of time is in keeping with the
visual acuity, and can be explained on the same basis as was
described under the head of Visual Acuity Data.

It seems evident that in the perimetry findings we cannot
establish a rule as to the exact structure affected. Undoubt-
edly, both the retina and the nerve are involved in all cases,
but in some, one or the other structure may show the pre-
dominating change. From the perimetric evidence alone one
is inclined to consider the optic nerve as the portion chiefly
involved because the perimetry findings are more character-
istic of this type of change.

OBJECTIVE OCUAR FINDINGS
EXTERNAL DATA.-The objective findings give evidence of

a disturbance in the pupillary and accommodation reflex arcs.
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That the involvement varies is shown by the variable pupil-
lary and accommodative reactions.

Ocular tenderness, both on pressure and on movement of
the globe, is evidence of an ocular or retrobulbar congestion
or edema. The picture can be described as phenomena that
accompany an acute edema.
Comment.-As to the localizing value, the objective find-

ings suggest an involvement of the entire nerve and vascular
elements of the eyeball, with certain suggestions of retrobul-
bar involvement. There are also findings which prove that
the reflex arcs of the pupil and accommodative mechanism
are affected, which points to a central involvement. The
presence of ptosis and the involvement of certain extra-ocular
muscles suggest a diffuse involvement of nerves other than
the optic, and pathologic changes may be located in the
higher centers.
OPHTALmOSCOPIC DATA.-From a study of the various

ophthalmoscopic reports it is evident that the optic nerve is
the structure most frequently involved during the acute
stage.
The process may at first invade the retrobulbar portion of

the optic nerve only, or it may spread forward to involve the
papilla, or it may involve the papilla from the onset. Most
reports make little or no mention of the retina except to
refer to the retina surrounding the papilla.
There are indications of circulatory disturbance with

edema. The picture varies from a congestion of the nerve
head to an intense edema. Mention is made of the dilated
retinal vessels.
The optic atrophy which follows is proportional in degree

to the primary nerve involvement.
Comment.-It is evident from these data that the optic

nerve is the portion of the visual apparatus primarily af-
fected, and the process suggests an edema that may vary in
degree. At least this would be one explanation for the
ophthalmoscopic description given in the various cases re-
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ported. In the greatest number of cases reported the optic
papilla shows signs of congestion or edema of various stages.
In these cases edema of the retina is present, but there is a
gradual lessening in degree away from the disc. The retina
not adjacent to the disc may show no signs of disease beyond
a hyperemia.

It is difficult to understand this picture when the micro-
scopic descriptions emphasize so strongly the retinal phase of
the change and manifest so little evidence of optic nerve
disturbance. It is, of course, possible that, by comparison,
the retinal edema appears insignificant and gives the impres-
sion of a mere congestion, when in reality it is quite edema-
tous. To put it another way, we might say that the marked
optic nerve picture seen with the ophthalmoscope does not
preclude the absence of edema or destruction of the retinal
elements. The absence of definite choroidal changes would
tend to minimize the retinal ophthalmoscopic picture.
An opinion may be ventured that in those cases in which

the optic nerve change is the predominating factor, a similar
involvement occurs in the retina and choroid, but this is not
shown ophthalmoscopically except for what appears to be
hyperemia. The direct action of the toxemia in the retina
may cause necrosis, but with little reaction visible with the
ophthalmoscope.

Undoubtedly, some cases are more definitely retrobulbar
than others, whereas others show more intra-ocular changes.
It seems that on examination all cases will exhibit some signs
of involvement of both elements.
Another factor that indicates a more general involvement

than merely that affecting the optic nerve is the postneuritic
atrophy which develops. In these cases reports show the
presence of retinal atrophy as well.

It seems plausible, therefore, to conclude that the ophthal-
moscopic evidence bears out the contention that the entire
nerve structure of the eye, including the retina and optic
nerve, is involved. In addition to this there is a choroidal
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disturbance. The process is not always the same; instead, one
part may show the predominating picture of disease.

It seems evident that the initial tissue injury is manifested
as an edema or hyperemia only with the ophthalmoscope,
and, undoubtedly, many retinal changes which are not con-
spicuous with the ophthalmoscope, but are none the less
important, may not be seen.

MICROSCOPIC EVIDENCE FOUND IN THE HUMAN EYE
The following is a summary of the significant findings in

the reported cases:

In the autopsies reported by Pick and Bielschowsky,18 the most
interesting histologic findings appeared in the ganglion-cell layer of
the retina. In comparison with the ganglion cells, the other layers
of the retina were only slightly altered. In these layers tangible
changes were demonstrable only in the inner granular layer, where
an agglomeration of the chromatic substance into coarse masses had
taken place.

In the retrobulbar section of the optic nerve changes were found
which, however, in comparison with those in the retina, seemed
trivial. In occasional medullary sheaths, a fine-grained fatty de-
generation was found. At some points there were to be noted
swellings and inflations in the axis-cylinders. If all these findings
in the optic nerve are considered together, we may say with cer-
tainty that an acute destruction of the nerve substance must have
taken place.

In the central nervous system there were both chronic and recent
changes in all three cases. The chronic changes were, no doubt, due
to chronic alcoholism in each case. The acute changes were ex-
clusively in the ganglion cells. Compared with the changes in the
retina, these were only trivial, both from a quantitative as well as
a qualitative point of view.

Comment.-These findings are very significant, since they
describe in considerable detail the results found in the retina,
optic nerve, and the higher centers of three cases dying of
acute methyl alcohol poisoning. It is the most complete
description in the literature of this condition, and most im-
portant in drawing conclusions. There is, however, the ques-
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tion of postmortem changes being present, and there is no
way of determining this point. It may be stated that the
changes described are suggestive of postmortem changes.
This similarity is emphasized by a study of the author's
cases in which postmortem changes occurred. The similarity
is striking.

Pick and Bielschowsky's statement that the most impor-
tant changes occurred in the ganglion cells bears out the
findings obtained in animal experimentation. They also
stress the fact that the changes in the optic nerves were slight
in comparison. In spite of the fact that they minimize the
optic nerve changes, there is evidence of pathologic changes
which should not be minimized. The degenerative changes in
the medullary sheaths and the swelling of the nerve-fibers are
definite signs of optic nerve injury.

In the central nervous system the finding of ganglion-cell
destruction is significant and shows that the process is not
confined to the eye.

The case reported by Rymowitsch22 was that of a man who died
of chronic methyl alcohol poisoning. The investigator noted hy-
dropic and fatty degeneration of the retinal ganglion cells, varicose
hypertrophy of the nerve-fibers, and edematous saturation of the
granular layers. No detailed account was recorded.

Comment.-The report is too brief to be of scientific value.
It does, however, indicate changes in the retina which seem
to be characteristic.

In Schwartz's24 two cases dying of methyl alcohol poisoning the
following findings were noted: There were no changes in the optic
nerves; there were alterations, however, in the vagus and phrenic
nerves. Changes in the retina were found that accounted for the
blindness.

Comment.-The report is too brief to be of scientific value.
It is significant that no changes were found in the optic
nerves. The changes in the retina, vagus, and phrenic nerves
were, unfortunately, not described.
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In MacDonald'sl5 three cases that died as a result of imbibing
methyl alcohol the following changes were found:

Case 1.-The retina showed marked degeneration in the ganglion-
cell layer. The vessels of the choroid were considerably congested.

Case II.-The ganglion cells were decreased in number and de-
generated, and cystic spaces were seen throughout this layer. The
vessels of the choroid were markedly congested.

Case III.-The retina showed marked changes. The ganglion
cells were decreased in number, and cystic spaces were seen through-
out this and the nerve-fiber layer.

In view of the well-known early postmortem degenerative
changes that take place in the delicate ganglion-cell structure,
MacDonald could not say that his findings were of value. They
suggest that the central scotoma and loss of vision are due to toxic
degenerative changes that take place in the ganglion cells. He
believes that the changes that occur later and which result in optic
atrophy are due to ascending degeneration of the nerve-fiber fol-
lowing the damage to the ganglion cell. The optic nerve changes
he believes are apparently late, as no pathologic alteration could be
observed in the optic nerves of any of his cases.

Comment.-Without doubt, postmortem changes are re-
qponsible for some of the tissue changes mentioned, and it is
difficult to evaluate this author's findings. The cases were so
acute that the pathologic changes had not progressed very
far. It is important to note the absence of signs of edema
in the retina, as well as the absence of pathologic signs in
the optic nerves.

In Menne's'7 two cases dying of methyl alcohol poisoning the
following points were noted:

Microscopically, little change in the optic nerves was seen beyond
edema and hyperemia and some patchy proliferation of glial cells.
The most pronounced alterations were observed in the ganglion
cells of the retinas. These changes in the ganglion-cell layer were
most marked nearest the disc. Except for marked edema, there
were no noteworthy changes in the glial cells.

Comment.-It is important to note the presence of edema
of the optic nerve and the fact that the ganglion layers again
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showed the greater change. Edema of the retina was also
observed. It is unfortunate that more details were not given
so that a proper evaluation of the findings could be made.

AUTHOR'S CASES.-Two cases are reported that died of
methyl alcohol poisoning. The interpretation of the findings
was as follows:

CASE 1, No. 70959 A.-There appears to be a small amount of
papilledema. There is disintegration of the elements in the rods
and cones forming an albuminous-like precipitate. There is a
wealth of ganglion cells, and this layer does not show any evidence
of increased gliosis. However, practically all the ganglion-cell
nuclei are pushed to the extreme periphery of the cell. In many of
the cells the Nissl substance is arranged in a peripheral ring;
whereas in other cells there is more advanced dissolution of the
Nissl substance, indicating chromatolytic changes. There is defi-
nite swelling of all the ganglion cells, including those in the macular
region. This is perhaps an early stage of a destructive process.
No. 70959 B.-This eye is similar to the preceding one.

CASE 2, No. 70958 A. -There is a definite edema of the nerve
head that is more marked than in the preceding eye. There seems
also to be an increase in the glial elements in the nerve-fiber layer
of the retina surrounding the disc and going into the optic nerve.
The rod and cone layer has undergone dissolution. The ganglion
cells are quite plentiful, but there is an increased number of glia
cells in this layer. The ganglion cells themselves are swollen. The
nuclei tend to bulge peripherally from the cell body. The Nissl
substance has disintegrated, and in some cells is placed periph-
erally; in others it has taken on a fine granular appearance, and
in still others the cell has only a ghost appearance. It seems that
many of the ganglion cells in the macular region are better pre-
served than are those in the periphery.
No. 70958 B. -This eye is similar to No. 70958 A. There is an

occasional normal ganglion cell, however, and in places the retina
is detached because of the great accumulation of d6bris from the
disintegrated rod and cone layer.
The nerves of Nos. 70958 A and B appear normal. No. 70959 B

nerve shows some pink-staining areas which have the character-
istics of edema. The other nerve appears to be normal.
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Comment.-In these cases there should have been obvious
postmortem changes in the retina because the specimens
were not fixed in formalin until twelve hours after death.
However, the material was refrigerated. Evidently some of
the changes are postmortem. It is significant that they cor-
respond very closely to the reported retinal changes of the
other cases, and the question naturally arises as to how many
of these are due to postmortem changes.

In the author's cases the engorged choroidal vessels and the
edema of the retina are worthy of note. Also of importance
is the presence of optic nerve changes in one case.
To draw conclusions from the preceding autopsy reports is

difficult. First, there were not a sufficient number of cases.
Second, the reports are not complete. Third, there is a pos-
sibility that the tissues were not fixed immediately and that
many of the findings are the result of postmortem changes.
The findings which are most significant emphasize the

retinal changes, which are chiefly in the ganglion layer. We
should bear in mind that postmortem processes would cause
alterations similar to these. Undoubtedly, some of the
changes are the result of the toxic process, but, to be scien-
tifically Accurate, it is difficult to be sure how many are
actually due to this cause.

It is somewhat significant that there were few changes in
the optic nerves. Although there were some alterations which
suggested a toxic process, many were undoubtedly post-
mortem.

If we can assume that the reported findings are not post-
mortem, then indeed we have valuable data. In that case we
can say with assurance that the retina, especially the ganglion
cells, suffers most from the toxic exposure. This would be
expected because of the greater sensitivity of the latter to
change. The presence of injury to the ganglion cells in the
brain is evidence that similar changes are to be found else-
where in the body.
The presence of degenerative changes in the optic nerves
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of some of the cases shows that the process is not confined to
the retina alone. Likewise, the edema is present in both the
retina and the optic nerve. The absence of pathologic
changes in the optic nerve may, in many instances, be due to
the acute process, the type of tissue arrangement in which
early changes may not show so readily, and the possibility of
improper staining to show these early changes.
The presence of choroidal congestion appears to indicate

that the vascular portion of the eye is involved. Some ob-
servers claim that the entire process is a vascular one, but,
judging from the foregoing description, this does not appear
to be the case. We must admit that the evidence of changes
in the human is the most tangible argument we can present
as to the pathologic conditions resulting from methyl alcohol
poisoning.

ANIMAL EXPERIMENTATION CARRIED OUT BY OTHERS TO
DETERMINE THE EFFECT OF METHYL ALCOHOL ON THE

OCULAR STRUCTURES
The essential facts concerning these experiments are as

follows:

Holden"' found in a dog degenerative changes in the ganglion-
cell and the nerve-fiber layers of the retina, and the medullary
sheaths of the fibers of the optic nerve. He concluded that the
retina is affected primarily, and that the optic nerve change repre-
sents a secondary stage of the process.

Comment.-It is somewhat impractical to draw any con-
clusions after an investigation on one dog. Suspicion is
aroused that postmortem changes may have given rise to
errors in evaluating the findings.

Birch-Hirschfeld' experimented with rabbits and chickens and
found the following: The poison effect first made itself felt in the
ganglion cells of the retina. After this the inner granules, and later
the outer granules, degenerated.
Only in one case could distinct signs of degeneration of the nerve-

fibers be found, and that was in the animal that showed the greatest
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changes in the retinal layers. This was in a temporal wedge-shaped
region of the cross-section beginning immediately back of the bul-
bus. There was distinct disintegration of fibers, extending backward
for about 5 mm., whereas the remainder of the cross-sections
showed fairly normal conditions. In the stained preparations no
sign was found of round-cell infiltration, even in the degenerated
region, nor a noteworthy connective-tissue proliferation.

Birch-Hirschfeld stated further that, without doubt, the de-
generative changes in the optic nerve were of a secondary nature.
This is indicated by their absence in the other cases, where the
poisonous effect on the retinal cells was less marked.

Comment. -This study is undoubtedly significant, and has
been recognized as such in the literature, since it has been
referrdd to repeatedly. If we adopt a critical attitude, we
will consider the fact that these findings apply to rabbits and
chickens, and are not necessarily indicative of what may be
found in the human. There is also the possibility of other
factors entering into the situation that may produce some of
the alterations. One of these factors may be the postmortem
changes which appear so rapidly in the retina, and the other
one could be trauma, the result of killing the animal. Imper-
fect staining and fixing must also be considered.

If this investigator's work is scientifically accurate, his
data bear out his contention that methyl alcohol, even in
small doses in the experimental animal (rabbit and chicken),
in the first place appreciably injures the cells of the retina;
and that only in secondarv fashion can the degenerative
processes in the optic nerve occur. There must have been
some doubt in Birch-Hirschfeld's mind as to the accuracy of
this work, because in 1920 he repeated his studies.

Friedenwald,5 working on a rabbit, observed the toxic effect on
the ganglion cells of the retina. The retinal ganglion cells showed
marked degeneration, whereas the inner and outer nuclear layers
were less affected.

Comment.-The same criticism may be applied to this
work as was applied to Holden's. Insufficient data were pre-
sented to substantiate the conclusions.
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Tyson and Schoenberg,27 experimenting on guinea-pigs, rabbits,
dogs, and a monkey, concluded that microscopic findings indicated
that there was an edema of the tissues, with very early signs of
beginning degeneration of the ganglion layer of the retina.

These observers found: Choroid gives the impression of hyper-
emia. Retina: rods and cones and the external nuclear layer,
normal. Outer reticular layer, slightly edematous. Inner nuclear
layer, normal. Inner reticular layer, slight edema. Ganglion cells
swollen and surrounded by clear areas, the nuclei being displaced
far toward the periphery. Inner layers of the retina show some
edema. The medullary sheath of the optic nerve takes Weigert's
stain rather weakly.

Comment.-This work is especially significant since it con-
firms the findings of retinal degeneration with ophthalmo-
scopic evidence to support it.
The change in H-ion concentration of the aqueous and

evidence of acidosis are suggestive of chemical changes in the
eyeball which substantiate to a measure the theory of these
workers as to the process leading to retinal degeneration.

Their evidence of increased susceptibility of high animals
is valuable; of special significance is their contention that
methyl alcohol is a true hematoxic and produces a degenera-
tive change in all tissues.

Kazas,14 in his work on the effect of methyl alcohol on rabbits,
found that the general picture of changes in the retina, with the
exception of the degenerative process, presented the phenomena of
dropsical saturation. The degeneration was not always connected
with dropsy. Changes in the retina were markedly manifested in
all its layers, including the layer of rods and cones. An adipose
degeneration of high grade was found, not only in the layer of
nerve-fibers, but also in the ganglion-cell layer, in the cells proper,
and in the inner molecular and nuclear layers.

Adipose degeneration was present in all optic nerves. A consider-
able increase of connective tissue was found. There was adipose
degeneration in marked degree in the oculomotor nerve and the
chiasma.
Kazas therefore succeeded in obtaining changes as follows: in the

vascular membrane; in the membranes of the optic nerve; in the
retina, beginning with dropsy and degeneration and going on to
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albuminuric retinitis; and in the optic nerve, beginning with
parenchymatous degenerative neuritis up to axial atrophy.

Comment.-This investigator's work appears to confirm the
previous studies on this subject. The microscopic picture
reported is in agreement with the work of others, although
Kazas lays special stress on the in,dependence of the degenera-
tive changes and the edema. The finding of adipose degenera-
tion in the optic nerve and the oculomotor nerve is especially
important. The increase of connective tissue is significant.
His contention that the affection of the nerves was inde-
pendent of the retinal changes is also to be considered. His
explanation of the pathologic process is worthy of attention.

Igerscheimer and Verzar1' endeavored to determine whether the
sense Qf light might be used as a clinical criterion of the action of
poison upon the retina; as experimental animals they chose
chickens.
They concluded that light perception was temporarily impaired

three weeks after the onset of the poisoning. There was then
complete restoration of light perception. After four additional
weeks of poisoning, the perception of light was again reduced. The
retina showed no changes of note.

Comment.-The significance of this investigatiou is that no
pathologic changes were found in the chickens' eyes. The
technique of applying the drug was apparently correct, and
the method of sectioning the eyes was apparently not at fault.
These observers emphasize the fact that acute intoxication
was avoided, and it is possible that this may account for the
absence of retinal pathology. The fact remains that, under
careful experimental conditions, the retina did not show
evidence of disease.

Schanz23 believed that, between the swallowing of the poison and
the oncoming blindness, there is an interval in which the light has
a sensitizing effect which must be nedessary for the poison to be
effective. As an experimental confirmation of this theory he gave
methyl alcohol to three rabbits, protected one eye from light, and
exposed the other to the sun for a number of hours, five or six
times in the course of several weeks.
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He regarded the intoxication amblyopia as a sensitization injury
to the retina, which absorbed more light and, above all, short-wave
light, under the influence of sensitizers. In one of the rabbits that
received the methyl alcohol and was killed on the nineteenth day
after the last exposure he found "rather large exudates in the lower
half of the retina of the exposed eye, while the protected eye was
free from every change."

Schanz found a distinct diffuse degeneration of the entire cross-
section of the optic nerve back of the point where the vessels
entered in the exposed methyl alcohol eye. The optic nerves of the
eye kept in darkness were found to be normal.

Comment.-This experiment does not prove anything of
value. The data are insufficient from which to draw conclu-
sions. The theory that light, acting in conjunction with the
methyl alcohol, is a factor in producing retinal changes is a
new approach, but does not appear to have much basis for
acceptance.

In 1920 Birch-Hirschfeld' repeated his experiments, using dogs
and monkeys. He found distinct signs of degeneration (analogous
to those previously found in rabbits and chickens after the same
form of intoxication) present in the ganglion cells.

Extensive degenerative changes could be observed, even in the
beginning portion of the medullary optic nerve, immediately be-
hind the lamina cribrosa. These changes did not appear in the
entire cross-section. There were all stages of change, ranging from
beginning partial degeneration of individual fibers to practically
complete disintegration of the entire bundle; but in the degenerated
areas distinct changes were apparent.
The primary change of the glia tissue rests upon a degenerative

process; this degenerative process Birch-Hirschfeld assumed to be
due to edematous saturation, leading to loosening and disintegra-
tion of the fibers.
He concluded that the degeneration of the nerve-fibers in the

optic nerve was not the result of pressure necrosis due to the
proliferated septum tissue or similar tissue showing inflammatory
infiltration.

In view of this, and of the normal macroscopic condition of the
optic nerve with reference to the size of the cross-section and con-
sistency, the author assumed that the exudative processes in the
nerve-trunk had not yet fully developed.
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Comment. -This work confirmed Birch-Hirschfeld's earlier
findings, and, in addition, demonstrated their presence in
higher forms of animals, such as the monkey. His conclusions
concerning the optic nerve findings, especially the changes in
the nerve-fibers, seem to be more definite in this work.
He stresses the absence of inflammatory reaction and

edema, although the nerve tissue showed extensive degenera-
tion in areas. The degeneration also involved the glia tissue,
and this would suggest that it is the result of the direct action
of the poison.
De Schweinitz4 examined dogs acutely and chronically poisoned

by methyl alcohol, and in no case did microscopic study reveal
pathologic changes in the retina.
Comment.-These findings are of special significance. Al-

though the work is brief, it is, as characterizes all this author's
work, very reliable. The absence of positive findings is in
wide variance with other similar work and leaves it all open
to question.

Friedenwald and Felty7 performed similar experiments, using
rabbits, guinea-pigs, and dogs.
They were unable to produce any retinal or optic nerve lesions

with methyl alcohol, and they concluded that the original reports
of Birch-Hirschfeld in regard to alleged changes in ganglion cells
were artefacts, since they could produce similar changes in material
from normal animals by variations in fixation and embedding.
Comment.-It is of value to compare the methods used

with those used by others who did find retinal changes.
Friedenwald is an accurate observer, and this adds weight
to the importance of his findings.

SchwarzkopfP5 experimented with rabbits and dogs, and studied
the effect of light in relation to ocular changes.

Retina: Pronounced degeneration, chiefly in the ganglion cells.
Inflation of the cell body and nucleus to the point of obliteration
of the cell boundaries, alternate with shrinkage processes and
clumping of the chromatin. No edema. Vessels normal. Inner
granules: chromatin structure not distinct, inflation, and chro-
matolysis.
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Optic nerve: Bilateral diffuse degeneration of the optic nerve
immediately behind the bulbus, almost to the point of entrance
of the vessels. Enlargement of the septa and multiplication of
nuclei only in the anterior sections. No inflammatory infiltration.

Comment.-Schwarzkopf's anatomic investigations are a
complete confirmation of the Birch-Hirschfeld results. In the
retina, the ganglion-cell layer displayed the first and most
conspicuous changes. It is especially significant that he found
degenerative changes in .the optic nerves immediately behind
the eyeball.

Scott26 performed experiments on 31 monkeys, 58 rabbits, and
176 white mice.
In studying the eyes and optic nerves, this writer found constant

changes both in the retina and in the nerve. However, the changes
in the retina predominated and were uniformly of the nature of an
acute toxic lesion. The vessels of the choroid were markedly con-
gested. The entire retina was edematous, but especially the fiber
and ganglionic-cell layers. The ganglion cells were degenerated.
This degeneration was patchy, normal areas being immediately
adjacent to markedly degenerated areas. These degenerated
regions were not confined to any one area of the retina, but were
scattered throughout the structure. These retinal changes are
quite similar to those found by MacDonald in human cases, and by
Holden, Friedenwald, Tyson and Schoenberg, and Birch-Hirschfeld
in experimental animals. It was not uncommon to find degenera-
tions in the retina without any degenerative changes present in the
optic nerve.

Comment.-As in other studies on animals, the retinal
changes seem to predominate. The findings in these experi-
ments were in accord with the changes found by other
investigators.

In summarizing the results of this experimental work, it is
interesting to note that nine papers reported finding definite
pathologic changes in the retina and optic nerve. In three
papers the writers failed to find evidence of change.

In all nine instances the findings were in fair agreement.
In describing the retina, it was common to find that the
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alterations consisted of definite degenerative changes in the
ganglion cells and a change of lesser degree in the other
layers.
As regards the optic nerve changes, all nine authors found

evidence of pathologic changes, and it seemed common to find
degenerations in the retina associated with the degenerative
changes in the optic nerve. The retinal changes seemed to
predominate.

It is especially significant that degenerative changes in the
optic nerves were found immediately behind the eyeball.
Most of the writers agreed that the degenerative changes in
the optic nerve were less conspicuous. The following quota-
tions are characteristic:

"In cross-sections, extensive degenerative changes could be ob-
served even in the beginning portion of the medullary optic nerve,
immediately behind the lamina cribrosa. These changes did not
appear in the entire cross-section. There were all stages of change
ranging from beginning partial degeneration of individual fibers to
practically complete disintegration of the entire bundle, but in the
degenerated areas there were distinct changes."

"In the preparations was found no sign of round-cell infiltration
even in the degenerated region, or a noteworthy connective-tissue
proliferation."
"The primary change of the glia tissue rests upon a degenerative

process; this degenerative process, it was assumed, was due to
edematous saturation which leads to loosening and disintegration
of the fibers. The degeneration of the nerve-fibers in the optic
nerve was not the result of pressure necrosis due t6 the proliferated
septum tissue or similar tissue showing inflammatory infiltration."

It seems that the constant finding in both the retina and
the optic nerve was edema. This was associated with signs of
necrosis or degeneration of all parts, but especially of the
higher differentiated cells of the retina. There was no evi-
dence of inflammatory infiltration or vascular engorgement
except for a slight amount in the choroid.

Contrary to the foregoing are the negative results found in
the work of de Schweinitz and Friedenwald. It is difficult to
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explain the difference in result. As the details of the experi-
mental work of these observers were not published, it is
impossible to make a fair analysis. It might be of value to
mention that de Schweinitz must still have been in doubt, in
spite of his experimental work, because he suggested that this
problem should be solved. The findings of two such reliable
observers should be considered significant. The following
statement by Friedenwald should be borne in mnind in making
a final decision:
"The original findings of Birch-Hirschfeld in regard to

alleged changes in the Nissl bodies of the ganglion cells were
artefacts, since he could produce similar changes in material
from normal animals by variations in fixation and embedding."

ANIMAL EXPERIMENTATION CARRIED ON BY THE AUTHOR
TO DETERMINE THE EFFECT OF METHYL ALCOHOL ON THE

OCULAR STRUCTURE OF ANIMALS
In drawing conclusions from the researches carried out by

the author, certain definite statements may be made.
The experiments were performed as a check on the work of

others. There was some doubt as to the accuracy of the
previous technique used, and it was believed by some writers
that the findings were artefacts due either to improper stain-
ing or to postmortem changes.

In this work certain technical errors have been eliminated.
The chemicals were given as designated; the eyes were im-
mediately fixed; the microscopic slides were made by experts,
and were interpreted by a skilled eye pathologist who had no
information as to what treatment the animal had received.

In addition to improving the technique, the problem
offered an opportunity to decide the question of the impor-
tance of impurities in methyl alcohol. The question of formic
acid was also considered.
Some workers hold the opinion that the toxic effect of

methyl alcohol is due to the oxidation products. As we know
that formic acid is actually produced in the system as the
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result of oxidation, it was considered advisable to use this
knowledge in certain cases for comparison of results.

Another phase of the problem that proved to be of value
was the fact that a group of animals was carried over a period
of two months in order to determine the effect of prolonged
poisoning. Most of the previous work was done on cases of
acute poisoning. It was hoped that this might yield further
information as to the pathologic reaction.

Observation showed that there was an individual variation
in the toxic reaction in the various animals, and possibly a
greater toxic reaction in the dog. No difference could be
determined in the reaction of the animals given pure methyl
alcohol as compared with those that received commercial
methyl alcohol.
The reaction to the methyl alcohol and the formic acid

seemed practically the same, although in certain instances
some of the animals reacted more violently to the formic acid.
At no time did the ophthalmoscope supply evidence of

intra-ocular disturbance that would suggest edema. although
it must be admitted that repeated examinations to eliminate
this point absolutely were practically impossible and not
made. No apparent visual disturbances were noted.
The following is a brief summary of the positive micro-

scopic findings:
ACUTE POISONING

Rabbit 1.-Pure methyl alcohol given. A relatively early stage of
acute intoxication, with early chromatolysis of the ganglion cells.

Rabbit 2.-Pure methyl alcohol given. Nerve head appears
normal. Marked vacuolization of the cytoplasm of the large
ganglion cells with practically complete disappearance of the Nissl
substance. This is definitely more advanced chromatolysis than in
rabbit 1.

Rabbit S. -Commercial methyl alcohol given. There is practically
complete dissolution of the rod and cone elements, with a thicken-
ing of the subretinal space because of apparent albuminous accu-
mulation. Many of the ganglion cells have been reduced to shadow
forms, whereas others of the large variety have advanced vacuoliza-
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tion. Judging from the increased number of tissue spaces, there
may be some edema of the ganglion-cell and nerve-fiber layers.

Rabbit 4.-The same drug given as in rabbit 3. The rods and
cones are quite completely disorganized, and there are the usual
thickening and albuminous appearance of the subretinal space.
The ganglion cells show an advanced stage of chromatolysis. There
may be a small amount of edema of this retina.

Rabbit 5.-Formic acid given. The picture is the same as in
rabbit 4.
DogG.-Pure methyl alcohol given. There is early disintegration

in the ganglion cells, and an early acute stage of chromatolysis due
to intoxication.
Dog H. -Pure methyl alcohol given. An edema of the nerve head

is present. There are marked disintegration and infiltration of the
rod and cone layer and the subretinal space. The number of
ganglion cells is reduced, and those that are present show marked
evidence of degeneration, especially of the cytoplasm.
Dog .-Commercial methyl alcohol given. The nerve and nerve

head are apparently normal. These cells are perhaps in an inter-
mediate stage of chromatolysis.
Dog J.-Commercial methyl alcohol given. There is some edema

of the disc of the nerve head. The ganglion cells seem to be reduced
in number.
Dog K.-Formic acid given. There is an exudate on, and perhaps

some edema of, the nerve head. The ganglion cells are undergoing
acute chromatolysis with dissolution of the cells. Apparently acute
chromatolysis by an overwhelming dose of poison.
Dog L.-Formic acid given. There is marked edema of the nerve

head. A most profound reaction that may lead to a degeneration
of the retina is perhaps early.

CHRONIC POISONING
Rabbit 6.-Pure methyl alcohol given. The rods and cones show

a large amount of disintegration.
Rabbit 8.-Pure methyl alcohol given. There is moderately

advanced disintegration of the rod and cone elements. Some of the
ganglion cells have been reduced to shadow forms.

Rabbit 9.-Commercial methyl alcohol given. These ganglion
cells are only slightly affected. Practically all the ganglion cells are
involved in the process.
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Rabbit 10.-Commercial methyl alcohol given. There is moder-
ate disintegration of the rod and cone elements. The ganglion cells
appear washed out and poorly stained, and much of the cytoplasm
is homogeneous. The appearance of these ganglion cells is as if hit
hard by a powerful blow.

Rabbit 12B.-Formic acid given. Rods and cones considerably
disintegrated. The usual signs of chromatolysis are present, those
indicating disintegration in general.

Rabbit 13B.-Formic acid given. Some disintegration of the rod
and cone elements. The ganglion cells are not so abundan# as in
other specimens, and some show quite marked degeneration.
Dog A. -Pure methyl alcohol given. The optic nerve is essen-

tially normal. The rod and cone layer of the retina is completely
disorganized, and there seems to be an increased albuminous fluid
content. This appears to be a degenerative process of the rod and
cone nuclei rather than a postmortem autolytic phenomenon. The
ganglion-cell layer seems to contain an increased number of glial
cells and a diminished number of ganglion cells. Of the few
ganglion cells that remain, many are in an advanced stage of
chromatolysis.

In this eye the ganglion-cell layer and the rod and cone layer are
profoundly degenerated. Apparently some time has passed since
the administration of the toxic substance (gliosis).
Dog B.-Received the same drug as Dog A. The optic nerve

appears normal. The nerve head resembles that in Dog A; retina,
rod and cone elements are not so completely destroyed as in
Dog A, but there is again a subretinal albuminous fluid and a clear
tendency toward total dissolution of the rod and cone elements;
however, these latter elements can still be discerned as shadowy
forms. The ganglion-cell layer contains a slight amount of gliosis.
Dog C.-Commercial alcohol given. The nerve and nerve head

appear normal. There is a slight amount of albuminous fluid
beneath the retina, and also some autolysis of the rod and cone
layers. This eye shows early intermediate chromatolysis of the
ganglion-cell layer and perhaps beginning autolysis of the rods and
cones.
Dog D.-Commercial methyl alcohol given. The nerve and nerve

head are apparently normal. The rods and cones are in a fair state
of preservation. There is unmistakable evidence that some of the
ganglion cells have undergone degeneration.
Dog E. -Formic acid given, This eye is apparently in the same
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condition as that in Dog D. The ganglion cells suggest a greater
degree of chromatolysis which might result from the same dosage
as the previous animal, but a shorter recovery time.
Dog F.-Fonnic acid given. The nerve and nerve head are

normal. The rod and cone layer shows changes similar to those
described in the previous two eyes.

Comment. -In summarizing the changes in the acute group,
it is evident that the mieroscopic picture did not vary appre-
ciably with the drug used.
The typical finding appears to be "a practically complete

dissolution of the rod and cone elements, with a thickening
of the subretinal space because of apparent albuminous accu-
mulation. There is some edema of the ganglion-cell and
nerve-fiber layers. The ganglion cells are undergoing acute
chromatolysis with dissolution of the cells. Large vacuoles
are present in the cytoplasm of many of them. Many of the
ganglion cells are reduced to shadow forms."
As regards the optic nerve, some cases presented a normal

appearance whereas others showed an edema of the nerve
head recognizable by the increased fluid in the spaces in the
nerve head and by the retraction of the retina from the
choroidal ring.
The changes found in the chronic group corresponded to

those in the acute group except that the changes were more
pronounced as a whole.
A characteristic description of a chronic case is as follows:

"The optic nerve is essentially normal. The rod and cone
layer of the retina is completely disorganized, and there
seems to be an increased albuminous fluid content. The
ganglion-cell layer appears to contain an increased number of
glial cells and a diminished number of ganglion cells. Of the
few ganglion cells that remain, many are in an advanced
stage of chromatolysis. The ganglion-cell layer and the rod
and cone layer are profoundly degenerated in this eye."

This description stresses a more profound change and the
presence of glial cells.
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In drawing conclusions, it seems evident that the animals
reacted similarly to the pure methyl alcohol, commercial
methyl alcohol, and formic acid. Although there were varia-
tions in degree, the clinical pictures are similar. Possibly the
variations were due to a difference in tolerance of the
animals.

It is evident that the retinal changes are not due to post-
mortem effects as the eyes were fixed immediately. It is also
evident that the predominating changes occurred in the
retina, with a certain amount of edema of the optic nerve in
a few cases. It seems that the more severe the retinal change,
the more evidence is there of edema of the optic nerve.

In comparing the tissue changes found in the acute group
with those found in the chronic group, it is obvious that the
latter group shows more pronounced pathologic changes.
This is manifested by the more extensive and the greater
degree of tissue changes. In addition, other findings, such as
gliosis, indicate a tissue reaction resulting from prolonged
exposure.

This would seem to indicate that the prolonged exposure
to the toxin does not materially alter the pathologic changes
except to accentuate them and, in addition, cause a tissue
reaction characteristic of a process of longer duration.

In summarizing this experimental work, it appears that the
findings in this group of cases confirm retinal and optic nerve
changes found in other experimental work of a similar nature.

GENERAL PATHOLOGIC CHANGES SEEN IN
METHYL ALCOHOL POISONING

General Symptoms of Poisoning.-The symptoms usually
exhibited by patients having a toxic reaction from methyl
alcohol poisoning vary in intensity, the milder cases showing
moderate evidences of intoxication, and the severe cases
exhibiting extreme prostration. Usually the toxic symptoms
come on in from twelve to twenty-four hours after the inges-
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tion of the poison. There is apparently a circulatory dis-
turbance, manifested by the cyanosis and extreme prostra-
tion; there is a respiratory disturbance, shown by the reduced
number of respirations; and a gastric disturbance, evidenced
by nausea and vomiting. The patient complains of pain in
the head, limbs, and body, but especially in the epigastrium.
Death may come on suddenly as a result of paralysis of the
respiratory organs. The heart may continue to beat for some
time.
Autopsy Findings (Exclusive of the Eye) Found in the

Human.-In general, two conditions combine to form the
usual picture. One is a gastro-enteritis of varying severity,
the local effect of the poison. The other is a passive conges-
tion of the lungs, brain, and various other organs, and a
peculiarly colored fluid blood.
The pancreas, spleen, liver, kidneys, lungs, and gastro-

intestinal tract all show closely similar signs; namely, edema,
hemorrhagic changes, and degeneration of -the highly spe-
cialized tissues, such as glomeruli, etc.
The influence of methyl alcohol on the central nervous

system is similar to that elsewhere in the body, and is mani-
fested by capillary congestion, edema, and patchy degenera-
tion in the neurons. This cellular degeneration is said to occur
both in the spinal cord and in the brain. Edema and conges-
tion of the brain and meninges and an increase in the amount
of spinal fluid were noted.
Mennel7 reported that the minute alterations observed in

the central nervous system (brain and medulla oblongata)
consisted of marked subpial and moderate cortical and sub-
cortical interstitial edema, with spotty perivascular and peri-
neuronal extension. Occasional minute focal hemorrhages
were seen.

In view of these findings, it is logical to attribute these
results in large part to cerebral circulatory disturbances, in
addition to the direct action of the toxin.

Blood. -There is a decrease in the number of lymphocytes.
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The acidity, electroconductivity, and viscosity are increased,
whereas the coagulation time is reduced.

Pathologic Changes in Animal Tissues, Exclusive of the
Eye.-The characteristic changes are as follows:
Brain.-The lesions found in the various parts of the

cerebrum, the cerebellum, the medulla, and the pons con-
sisted of different degrees of inflammatory and degenerative
processes. Macroscopically, the tissues appeared yellowish
and glistening; the line of demarcation between the gray and
the white matter was not so sharp as in the control animals.
In the more prolonged cases the gray matter appeared quite
thinned, and the entire picture was one of a nonspecific
atrophy.

Microscopically, the ganglion cells were diminished in size
and assumed a spindle-like shape. Nissl's granules also were
diminished, with brownish pigment scattered here and there.
In the most severe cases the parenchyma cells were greatly
reduced in number as well as in size. Other nerves besides
the optic nerve showed involvement.
Blood.-The chemical reaction of the blood serum was

found to be acid. Ruggeri2' found a considerable increase in
the fatty acid and cholesterol content of the blood serum.
Heart.-The earliest cardiac changes began as an edema

and progressed to granular degeneration.
Kidney. -The almost constant change in the kidney was a

parenchymatous degeneration of the epithelium lining the
convoluted tubules.

Liver. -The reaction in the liver was practically always one
of parenchymatous degeneration.

Gastro-intestinql System.-The mucous membrane of the
stomach was hyperemic, the hyperemia being in the form of
islets. Sometimes the membrane was dropsical and yellow in
places. Quite often there were hemorrhagic spots and ero-
sions. Some ulcers were the size of a silver quarter. Hyper-
emia continued to the duodenum and the upper one-fourth
of the small intestine.

474



FINK: Methyl Alcohol Poisoning

Comment.-The early symptoms seem to group themselves
around a paralysis or depression of both the medulla and the
cranial autonomic system, whereas the later symptoms might
well be ascribed to the failing functions of the kidney and
gastro-intestinal tract. A patient suffering from methyl alco-
hol poisoning to this severe degree rarely recovers.
The clinical picture is that of extreme prostration and is

characteristic of an overwhelming toxemia which affects the
entire system.
The tissue changes, as found in experimental animals, are

probably of greater value in depicting the injurious effect of
methyl alcohol than are the human tissues obtained at
autopsy. This is due to the fact that the experimental
animal can be more easily controlled and that the tissues
have not undergone postmortem changes. This applies par-
ticularly to the highly specialized tissues, such as are found
in the central nervous system, kidney, etc.
However, the susceptibility of the tissues of animals to

wood alcohol must be considered in the evaluation, since
there is possibly a wide variation in the effects as compared
with man.

It seems evident that the central nervous system-notably
the cerebrum-appears to bear the brunt of the attack, it,
together with the optic nerve, being the most frequently as
well as the most extensively involved organ. Next in fre-
quency, but not necessarily in extent of involvement, are the
kidneys, the liver, and the muscles.

In drawing conclusions from the foregoing findings, it is
apparent that most of the changes result from the direct
effect of the drug. This toxic element, by virtue of its direct
effect, may cause degenerative changes in the highly special-
ized tissues, such as the central nervous system, kidney,
liver, etc. An edema, apparently caused by the corrosive
action of the poison, results. A circulatory disturbance fol-
lows and completes the picture.
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CONCLUSIONS

1. There Exists an UIncertainty Concerning Our Present Knowl-
edge of the Action of Methyl Alcohol on the Eye

In reviewing the literature, we are impressed by the di-
versity of opinion concerning the nature of the ocular
pathology. It is surprising that a subject of this scope, which
has been the cause of many preventable deaths and blindness,
should create so littleenthusiasm in the profession, leavingthe
question as to the exact pathologic process unsolved.
We must admit that the question still is not fully settled.

It will remain unsettled until, as has been suggested, some
experimenter will examine properly a human eye before post-
mortem changes have taken place. The problem should not
be limited to this, but should rather include other factors
that would throw more light upon the toxicologic process and
enlighten us as to changes elsewhere in the body.

If, in addition to the pre-mortem analysis, toxicologic and
pathologic analyses were made of all tissues at the moment
of death before postmortem changes could occur, our problem
would be placed on even a more exact basis. Until a complete
analysis, such as has been described, is made, our knowledge
as to the exact process and associated pathologic changes is
but supposition based upon uncertain factors. Such a study
can be done on practically any moribund case without com-
plicating the situation and without much expenditure of
time and cost.

2. The Ocular Tissues Show Characteristic Pathologic Changes
In considering this phase of the subject, we must view the

eye in its entirety. Ordinarily, we think only of the retina
and the optic nerve in this connection.

It may be stated with considerable certainty that we have
little or no information regarding any positive pathology in
the eye which occurs in methyl alcohol poisoning except the
changes in the retina and optic nerve. There are some data
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on the choroid, but practically none on other structures of
the eye. Autopsy and animal experiments do not mention
any pathologic changes related to the problem except an
increased acidity of the aqueous and a few isolated instances
of cilary engorgement.

Clinical evidence points to conjunctival and scleral hyper-
emia and pupillary changes which indicate a break in the
reflex arc posterior to the eyeball. No case of iritis, uveitis,
cataract, glaucoma, or any other ocular pathologic state has
been recorded. A few cases of ptosis and extra-ocular muscle
paralysis have been recorded, but these do not apply to the
eyeball directly. In the two cases reported by the author no
change that could have been attributed to the poison was
observed, nor any structure affected except the retina,
choroid, and nerve.

Choroid. -A study of the microscopic data available seems
to indicate the presence of vascular congestion and edema.
The vessels are distended, and the choroidal structure shows
signs of edema of variable degree. This is usually more pro-
nounced when the adjacent retina is involved, and the degree
of change is in proportion to the retinal change. There is,
as a rule, little evidence of an inflammatory reaction present.
There is no apparent injury to the vessel structure.
Retina.-From the description of the changes in the retina

one may conclude that the effect of the poison first makes
itself evident in the ganglion cells. After this the inner
nuclear layer, later the outer ipuclear layer, and finally the
rod and cone layer, degenerate. In cases where the layer of
ganglion cells is greatly changed, other elements of the retina
are also considerably affected.
The general picture of changes in the retina, in addition to

the degenerative process, shows edema. This is shown in the
thickening of the different layers, in separation of cells, in the
appearance of crevices and spaces, and in dilatation and
thickening of Mueller's fibers. The picture found in the
nuclear layers completes this impression of dropsy, because
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here the cells are not only markedly separated, but appear
as if a general current transposed them into the neighboring
layers.

Since the degeneration is not always connected with
dropsy, one should not conclude that all these phenomena
were conditioned by it, for in places the dropsy is absent, but
the degeneration is present. It is evident, moreover, that at
times the dropsy became absorbed, or diminished, for in more
chronic cases it is present less often than in acute conditions.

Optic Nerve.-There is definite evidence of degenerative
changes occurring in the optic nerve. Accompanying these
degenerative changes, there are signs of edema to a variable
degree.

S. The Various Ocular Changes are Similar in Nature and All
Tissues Affected Become Involved Simultaneously

That all the pathologic changes found in the ocular tissues
are similar in nature is evident upon studying the data
available. Although the change may be found to be more
pronounced in the retina than in the optic nerve, or vice
versa, the same type of pathologic change exists in both.
The most conspicuous changes are degeneration and

edema. These have been described in the previous section,
and it is logical to believe that whatever the cause of the
process may be, it produces the same tissue changes and
reaction in the retina as in the optic nerve. This reaction
would naturally be more evident in the microscopic section
of the retina than in the nerve, because of the nature of the
highly delicate tissue present in the retina, its less compact
arrangement, and other anatomic features which are so differ-
ent from those found in the optic nerve. In considering these
anatomic and physiologic differences, plus the possibility of
earlier postmortem degeneration, it is only logical to expect
more pronounced microscopic changes in the retina than in
the optic nerve, especially if the process is early. It is,
therefore, evident that in analyzing the respective findings
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we are dealing with a similar process. That the process
involves both the retina and the optic nerve simultaneously
seems possible, judging from the data available.

In spite of all the clinical evidence to show that the optic
nerve is involved first and the process is a descending nerve
involvement, there is also evidence, chiefly microscopic, to
show that the retina is likewise involved. It cannot be denied
that in weighing all the microscopic evidence, both animal
and human, we have conclusive proof that the retina shows
pathologic changes; this in spite of the negative results of
certain reliable workers. Until it can be proved that these
negative results are correct, the author will assume that the
retina does show pathologic changes. This contention is
based upon the animal work reported in the literature, human
tissue findings, the author's experimental results, and the
lack of adequately reported experimental data to prove
otherwise.

It is possible that the processes in the retina and optic
nerve are not dependent upon one another. It has been
observed that the degenerative changes appear simultane-
ously in the optic nerve and in the retina, and are noticed
within a few hours, a condition which suggests the independ-
ence of both processes. Degeneration has been found in the
oculomotor and other nerves, which indicates that an affec-
tion of nerves independent from the retina is possible in such
cases. In some instances, the prevailing affection was noticed
in the optic nerve and was of a descending character, and not
the opposite, as should have been expected if the retina were
primarily involved, although the ascending atrophy would
not show at an early stage. Other arguments point to an
independent retinal involvement.

Thus, one can see that in poisoning with methyl alcohol,
both retinal and optic nerve changes may take place simul-
taneously, a situation which brings reconciliation to both
extreme views expressed by various authors. It is difficult to
admit that there is a mistake from either side, but the
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existence of two situations, one dependent upon the other, is
hard to imagine.

In considering all the factors here described, and after
weighing all the evidence available, it is logical to conclude
that the predominating retinal pathologic changes could be
explained on the basis of the structure of the retina. Its
anatomic and physiologic properties would explain the
greater sensitivity to the action of the toxic agent.
When we consider the nature of the tissues involved, it

would seem that, even though both the retina and the optic
nerve are exposed to the toxic element simultaneously, the
initial injury would be more pronounced in the ganglion cells
of the retina, and the microscopic picture would show the
predominating changes in the retina.

It is not logical to conclude that the optic nerve changes
seen with the microscope are the result of the injury to the
ganglion cells. It is more reasonable to believe that these
changes found in the optic nerve in the acute cases are due
to a local injury to the nerve tissue by the toxin and is
similar to the injury to the ganglion celLs.

It is not possible for an ascending degeneration to occur in
the optic nerve in the acute cases because the time element
would not permit it to manifest itself so soon. It is, of
course, evident that later, when the optic nerve atrophy is
present, the ascending atrophic process accounts for some of
the nerve changes. At this stage, the optic nerve atrophy is
represented by both atrophy originating in the nerve and
that occurring as the result of the degeneration of the
ganglion cells.

Before concluding the section dealing with the pathologic
changes, it should be reemphasized that the previously de-
scribed pathologic changes are fundamentally degenerative
changes. These degenerative changes occur not only as the
result of the action of a toxic substance, but as the result of
a metabolic disturbance which interferes with the nutrition
of the tissue. It has been demonstrated by Birch-Hirschfeld29
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and others that these degenerative changes occur in the
retinal tissue a few hours after the nutrition to the retina has
been suspended. By interfering with the circulation for but
fif-teen minutes, Guist3' demonstrated the presence of de-
generative changes in the retina.

This being the case, we must consider this factor in inter-
preting the pathologic changes reported. In the case of the
microscopic reports on human eyes, evidence points to the
fact that in most instances the eyes were not fixed imme-
diately after removal. This is based upon the report of
MacDonald," the author's cases, and the lack of a positive
statement as to the time of tissue fixation in the other cases
reported. It must be accepted, therefore, that at least some
of the degenerative changes reported can be attributed to
postmortem processes. This does not detract from the funda-
mental fact that methyl alcohol will also produce such
changes, because the author took precautions to prevent
postmortem changes in his animal work by fixing the material
immediately after death.

4. The Eye Changes are but One Part of the Pathologic Picture,
and the Whole Organism is Involved

It would seem unnecessary to make this point, but due to
the fact that some may regard the condition as a specific
affection of the eye, it seems advisable to point out the gen-
eral pathologic changes that are associated with methyl
alcohol poisoning.

Frequently the lesions of the eye have been so conspicuous
as to mask the other manifestations of the poison of methyl
alcohol. The pathologic conditions arising from these asso-
ciated effects may, however, be just as constant as, and
possibly more important than, the changes taking place in
the eye. Also, it is possible that an indivdual may suffer
from methyl alcohol poisoning in severe degree and still show
no eye chainges, just as meningeal lesions are no longer con-
sidered essential for the diagnosis of meningococcus-infections.
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That the eye symptoms are but a local manifestation is
evident when one considers the subjective symptoms. In
addition to the visual changes, there are signs of profound
shock to a greater or less degree. The circulatory, respiratory,
digestive, cutaneous, and nervous symptoms all indicate a
complete systemic involvement.
The findings at autopsy all indicate much the same type

of pathologic change as is found in the eye.
The central nervous system shows, in addition to the cir-

culatory disturbance, evidence of contact with a toxic sub-
stance which produces degenerative changes and edema.
These degenerative changes are more pronounced in the
highly specialized ganglion cells, a condition that is to be
expected because of the sensitivity of these cells to disturb-
ance of their chemical structure. Similar changes, but in a
less marked degree, are found in the nerve-fibers, both
central and peripheral.
The specialized cells of the kidney, liver, etc., manifest

pronounced changes in comparison to less specialized tissues,
such as muscle tissue.
The gastro-intestinal tract shows signs of irritation, caused

by a direct and repeated contact with the toxin.
The blood findings likewise show changes indicating a toxic

reaction. Especially noteworthy is the presence of acidosis
in these cases.

It seems evident, therefore, that the entire organism is
affected, although the highly specialized tissues give greater
evidence of pathologic changes.

5. Methyl Alcohol is Broken Down in the Body, Forming Toxic
Substances which cause Pathologic Changes

When considering the action of methyl alcohol in the
human body, the following factors seem evident:
That individual susceptibility varies markedly, and that

some persons are practically immune, whereas others present
a definite idiosyncrasy to it.
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Tolerance is not acquired to any degree.
Impurities are not an influencing factor.
Undoubtedly the basic factor in causing the toxic action is

the inability of the body to oxidize the methyl alcohol to
carbon dioxide and water, as takes place with ethyl alcohol.
Evidence shows that the methyl alcohol enters very little into
the tissue metabolism. The body does, however, attempt to
oxidize it, but does not follow the usual course. Instead,
it deviates, forming other chemical compounds which ap-
parently are more toxic than the methyl alcohol.
The slow elimination of the drug is proof that the body has

difficulty in oxidizing methyl alcohol, and the urinary find-
ings, which show methyl alcohol and formic acid are further
evidence that the body has difficulty in coping with the toxic
agent.
That methyl alcohol is broken down into other chemical

products is evident, and one or more of these products may
be the cause of a toxic reaction greater than that caused by
methyl alcohol. Formaldehyde may be formed, and there is
definite proof that formic acid is formed. Even though formic
acid may be formed slowly, it seems possible that it is present
for a sufficiently long time in the body to be brought into
contact with all the tissues, and a momentary, contact may
be all that is necessary. That it is toxic in the living body
has been substantiated by the author's experiments, in which
formic acid produced at least as great a reaction in the
ocular tissues as did methyl alcohol.
The various tests show that methyl alcohol is in contact

with the tissues for a considerable time after ingestion, which
undoubtedly is a possible factor in producing changes of a
pathologic nature. The fact that the toxic action (at least
the eye pathology) does not become evident until some hours
after the drug has been ingested suggests that some addi-
tional factor must be introduced. If it were the alcohol
alone, the toxic effect would be manifested at once. This
points to the fact that the slowly formed decomposition
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products may be a factor in producing, at least, the eye
pathology.

Cumulative effect may be a factor in producing toxic
changes, but cases are reported in which only one exposure
produced alterations, thus eliminating the possibility of cu-
mulative changes serving as a major contributing cause.

Acidosis may contribute an additional toxic element; it
could also be partially responsible for some of the tissue
changes.
That the toxic action is wide-spread throughout the entire

system is evident. We know that methyl alcohol is dis-
tributed to all the tissues, and likewise any other toxic ele-
ment would be similarly distributed. The more highly differ-
entiated tissues, although showing more pathologic change, do
not apparently receive more exposure than any other tissues.

It, therefore, seems that the toxic factors which produce
the pathologic tissue change could be the decomposition
product or products acting with or without the methyl alco-
hol. Acidosis is also an accompanying agent of more or less
importance. Formic acid is apparently one of the important
products of oxidization which is responsible, acting either
alone or in combination with the other toxic elements.

6. The Pathologic Change is the Result of the Direct Action of
the Toxic Substance on the Tissues

In considering the nature of the toxic action on the tissues
we definitely enter the field of supposition. The explanation
offered must be based upon whatever evidence is at hand.
The following statements appear to the author to be logical
deductions based upon what information there is available.

It has been demonstrated that the toxic substances in
methyl alcohol poisoning are very diffusible and penetrate the
eye readily. The toxic substances come in direct contact with
all the tissues of the eye, and, by this direct action, produce a
variable pathologic effect, depending upon the type of tissue.
In the case of the highly differentiated elements, such as are
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found in the retina and the optic nerve, the effect of the
exposure to the toxin is more pronounced. Although this
highly sensitized tissue, such as the retina and the optic
nerve', may not have a special affinity for the toxic substance,
there is a possibility that, because of the high lipoid content
or for some other structural or chemical reason, a more pro-
nounced chemical effect is produced than occurs in the less
specialized tissue, such as the supporting connective tissue,
uveal tissue, etc. It is a known fact that highly developed
tissues are always found to be more susceptible to this type of
injury than are other types of tissue. It is highly probable
that the toxic element in some way interferes with the
metabolism of the cell, and because of its sensitivity to such a
disturbance, degeneration takes place in the cell.

This interference with the metabolism of the cell may be
of the nature of oxygen famine or some similar chemical
process.
Beyond a few isolated facts, little is known of the mechan-

ism of metabolism of the retina. The retina certainly has
considerable oxidizing powers, and the oxidative capacity is
said to increase in light adaptation. In comparison with
other tissues it has a marked power of glycolysis. A con-
siderable amount of lipoid substance is also present.

Quoting Duke-Elder30: "Its destruction is easy, partly
because of the delicacy and complexity of its structure which
rapidly falls a victim to noxious influences, and partly be-
cause of the intensity of its metabolism which is unable to
support the deprivation of essential supplies with impunity
for any length of time. It will be remembered that, although
the metabolism of the retina is still largely a mystery, we do
know that it has a very high oxidative capacity and a gly-
colytic activity of unusual intensity, about twice that of the
iris, which is approximately equal to that of muscular tissue.
Once an adequate supply of oxygen is cut off, or once the
tissue is exposed to the action of leukocytes, exudates, or
bacteria, death rapidly sets in.
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"In the absence of toxic elements, the destruction of the
tissue is by autolysis, while in the presence of toxins or
inflammatory processes, heterolysis occurs. As a result, the
retina rapidly becomes swollen and opaque and eventually
suffers total atrophy, only a reticulum of the supporting
framework of nerve tissue and strands of the connective
tissue associated with the blood-vessels remaining, while glial
proliferation is stimulated.

"Autolysis occurs when, in the injured or dying tissues,
anabolism cannot maintain its equilibrium with catabolism,
with the result that acids are formed in excess. The enzymes,
which in the normal alkaline retina take part in its metabo-
lism, continue to break up metabolites to form acid products
which cannot be dealt with, the increased osmotic activity of
which leads to the imbibition of water and a swelling and
translucency of the tissues. The proteolytic enzymes then
begin to act, hydrolyzing the intracellular proteins into
smaller and smaller fragments, and converting the large
molecular aggregates into simpler products, which diffuse
away, eventually leaving only the supporting tissue behind."

It has been shown by Goldschmidt8 and, Oguchi32 that, as a
result of exposure to the toxic factors of methyl alcohol, the
oxidative processes in the retina are much impaired and its
respiratory activity lowered, so that the metabolism may be
reduced by 40 to 50 per cent. Goldschmidt8 also concluded
that the damage is greater when the retina is exposed to
light, a view put forward also by Schanz23 and Schieck,33 but
not universally accepted.

It seems to be fairly well established, therefore, that the
retina and the optic nerve are sensitive to metabolic dis-
turbance, and that such a disturbance leads to degenerative
changes.

It is possible that the toxin, acting on the terminal capil-
laries, causes a vasoconstriction, and because of the dimin-
ished blood supply to the trophic centers the nutrition of the
retinal cells is interfered with and results in a metamorphosis
of the cells.
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Acidosis has been suggested as a factor contributing to the
interference with the tissue metabolism. Titration of the
aqueous has demonstrated the presence of acidosis in the eye.
The injury to the cells may not only be metabolic-it may

also be due to a direct corrosive chemical action.
Irrespective of the mechanism, the toxic substance pro-

duces a degenerative change in the tissue, and especially in
the highly differentiated tissue, such as the cells in the retina
and, to a lesser degree, the nerve-fibers. That this is not an
inflammatory change is evident because of the lack of an
inflammatory reaction.
The tissue cells are not all affected equally, because injury

seems to occur in patches, with intermediate areas of less
affected cells. This applies to both the retina and the optic
nerve. Such an explanation would account for the scattered
scotomas found on perimetry study. Apparently the papillo-
macular bundle is especially vulnerable because of the fre-
quent occurrence of central scotomas.
The degree or extent of the degenerative process in the

retina and the optic nerve is in proportion to the intensity
of the toxic element and the susceptibility of the individual.
Edema of the nerve tissue and supporting tissue is the

result of both an irritative reaction of the tissue to the toxic
substance and the degenerative process.

According to Duke-Elder,30 an essential factor which pro-
duces edema is an alteration of the molecular constitution of
the retinal tissues whereby large protein complexes are
broken down into smaller entities, as occurs in toxemia. In
toxemia the tissues are starved because of the loss of their
nutrient blood supply or surfeited with the accumulated
waste products of their deranged metabolism, and in conse-
quence they imbibe fluid freely not only from the retinal
capillaries, but from the choriocapillaris and probably from
the vitreous as well. In its earlier stages the process is
reversible, but if the tissue enzymes, acting freely in the
direction of catabolism in the acid media created by the
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anoxemic state, continue to break down the tissue proteins,
irreparable damage may be done by autolysis, until eventu-
ally a condition of complete atrophy results, the retina being
represented only by its more resistant supportive elements.
Edema leads to compression of the nerve tissue and may

serve as an important etiologic factor in causing the initial
visual loss by compression of the unaffected and partially
affected nerve elements, thus resulting in temporary inter-
ruption of vision. When the edema begins to subside, the
nerve-fibers gradually resume their function and vision im-
proves in proportion to the number of viable cells remaining.
The secondary visual failure is the result of further degenera-
tion of the partially degenerated fibers that did not succumb
to the original toxic action, but were further injured by the
effect of the edema.
As a rule, when the process is confined to the inner layers,

the edema may subside without infficting damage; but once
the internuclear layer is seriously involved, permanent injury
results.
The edema also may lead to circulatory disturbances by

causing a stasis in the vessels supplying the retina and optic
nerve.
The inner (cerebral) retinal layers are nourished by the

retinal vessels in the same manner as is the central nervous
system; the outer layers are avascular, and, being a sensory
epithelium, they receive their nourishment by diffusion from
the choroid.

In the cerebral layers of the retina the blood-vessels do
not come into direct contact with the nervous tissue, but are
insulated from it by perivascular glial sheaths through which
fluid interchange takes place, and by means of which lym-
phatic drainage is effected. It can readily be seen how, under
these conditions, the edema would produce circulatory stasis
and would be an additional factor in causing a disturbance
in the metabolism of the cerebral layer of the retina.

This circulatory interference is also evident in the choroid
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and supporting structure of the optic nerve, and is responsible
for the hemorrhages which are occasionally found in the
optic-nerve sheaths.

This, therefore, is a statement of the author's interpreta-
tion of the process which leads to the pathologic changes in
the eye in methyl alcohol poisoning. After weighing the
various facts at our disposal, such a conclusion seems to be
one explanation of the intricate processes which take place.
It is given with much trepidation, although a work of this
nature would not seem complete without such an attempt.
It may be said in conclusion that it can stand until proved
incorrect; even in that case it will have served a purpose
until additional research work is done in this as yet little
understood field.
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